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Bone augmentation for dental implant
surgery
BY CRAWFORD GRAY

Crawford Gray, Dental Implant Clinician in Aberdeen, demonstrates how the
development of grafting materials and techniques has allowed an improved
aesthetic outcome from dental implant surgery.

T

he provision of dental implants
has become an accepted part
of patient care, encompassing
surgical, restorative and
aesthetic elements in both planning and
treatment elements. Dental implant
placement using osseo-integrated
implants has been a developing field
since the early work by Brånemark in the
1960s [1], and Schroeder in the 1970s [2].
Implant placement has allowed a return
of dental function, but increasingly,
the aesthetic outcome has become
significantly important. Initially, dental
implant placement was surgically driven,
with the implant being encased fully
within the host bone. This approach was
limited by anatomical complications
and aesthetic compromises. These
have been largely overcome by the
restorative driven approach, which takes
a top down placement, with the ideal
position of the prosthesis dictating the
position of the implant [3]. This approach
means that sections of dental implants
will be placed outwith the biological
confines of remaining host bone, as the
restoratively driven alignment of the
implant will often lead to perforation of
the labial / buccal plate. The placement
of implants into resorbed or damaged
bone has led to the development of bone
augmentation around exposed implant
surfaces, with the enhancement of
alveolar ridges and maxillary sinuses to
facilitate implant placement.
With the use of graft materials, the
standard tenets of implant placement
still apply, and it is essential that an
implant has primary stability in the
healing and osseo-integration phase
of treatment. As osseo-integration
is a dynamic process involving the
replacement of bone at the implant bone
or graft interface, it is also essential that
the surgical site has good vascularity to
allow the remodelling process to occur
[4].

The use of grafting within the mouth
can be split into horizontal defects,
where the alveolar ridge has been
resorbed in width, vertical defects, where
the height of alveolus is reduced, and
sinus grafting, where there is insufficient
vertical bone for implant placement
in the maxillary sinus area, and the
Schneiderian membrane is elevated,
and a graft material is placed within the
resulting space [5]. A more recent use
is in the treatment of failing implants
in peri implantitis cases [6]. Horizontal
alveolar defects are more amenable to
treatment and have higher success and
retention rates than vertical defects. The
use of modern imaging techniques such
as cone beam computed tomography
[7] and magnetic resonance imaging [8]
have simplified planning in these cases.
There is a plethora of materials used
to augment bone. These range from
using autogenous bone (autografts) [9],
from either intra oral or extra oral sites,
to using allografts [10] and xenografts
[11]. To assist graft stability in guided
bone regeneration, a membrane (either
resorbable [12] or non-resorbable [13]) is
used to prevent downgrowth of epithelial
tissue into the graft material.
The mode of operation of graft
materials is debatable and often
anecdotal. Simply, especially when
considering the xenograft materials, their
action is that of a bio-compatible vehicle
or scaffold, which allows stabilisation of
a blood clot, which under the influence
of periosteum will be induced into bone
formation. Bone morphogenetic proteins
and other factors have been added to
the mix to assist bone formation [14],
although these are not yet approved
for use in the UK. The mechanism of
changing blood clot into bone tissue
has been further demonstrated in
studies using stabilised coagulum [15,16]
, and even using an implant as a ‘tent
peg’ to prop up the Schneiderian sinus

membrane with a modified blood clot
in the void [17]. It has also been shown
that blood and tissue fluid, incorporated
within autogenous sinus grafts, may
increase the final volume of bone in a
sinus graft compared with the initial
bone volume harvested for the graft [18].

Autogenous bone
Traditionally, the ‘gold standard’ of bone
for augmentation of dental sites has
been autogenous bone. Many surgeons
prefer to use the more organic cancellous
bone for their grafts as it contains a
greater amount of bone growth factors.
Cancellous bone, by virtue of its low
density, does however have a relatively
high shrinkage rate of 10-30%. For sinus
grafts, the use of cortical bone within the
mix, with a slower substitution rate, may
give higher eventual bone volume, and
maintenance of the graft morphology.
For sinus grafting, the Iliac Crest has
been the favoured donor site, but other
sites such as the tibia and fibula are used
[19,20]. Extra oral harvesting can lead
to morbidity due to the after pain and,
albeit temporary, disability following the
two site surgery [21]. Intra oral harvesting
is typically used for smaller grafting
procedures such as minor horizontal
and vertical defects, and is normally
performed in the chin or the ramus of
mandible. Chin grafts usually have a
greater cancellous bone component
than ramus graft tissue, but due to
the complex neural anatomy of the
anterior mandible, significant numbers
of patients may suffer from residual
paraesthesia after graft harvesting [22].
Ramus grafts [23] have a higher cortical
bone content, and it is advisable to have
three dimensional imaging, to ascertain
the position of the inferior alveolar nerve
prior to harvesting. Even intraoral twosite surgery for the use of autogenous
grafts has a significant increase in postsurgical morbidity, and if an autogenous
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bone block is exposed by breakdown of the covering
tissues, this can lead to a loss of the graft.

Allografts and xenografts
The use of allografts [10], such as irradiated human
bone, is advocated by some operators. These materials
allow ‘sculpturing’ of the graft with the high rigidity of
the material. Again, wound tension is important, as
these matrices may become infected if the covering
tissue or membrane breaks down.
Xenograft materials have been extensively used
as graft materials for some time [11]. Many products
are available, ranging from reconstituted coral,
through bovine and equine materials, to chemical
bone precursors. These materials can be used in both
guided bone regeneration (GBR) and sinus grafting
procedures. For GBR, the material is usually covered by
a membrane, which prevents epithelial downgrowth
and subsequent loss of the graft. This is of special
importance where there has been relieving incisions to
the periosteum with potential direct epithelial contact
with the graft. Periosteal release is a vital component
of GBR to lower tissue tension which reduces the risk
of graft dehiscence, infection and shrinkage. Some
operators advocate the addition of autogenous bone
into the mix with the xenograft [24], but evidence
of any advantage with this is limited [25]. Certainly,
from first principles, the covering of exposed implant
surfaces with a layer of autogenous bone scrapings
prior to applying a xenograft is plausible, as the greater
substitution rate of the autogenous slurry should
lead to faster bone reconstitution onto the implant
surface. Hybrid materials have been formulated with
a mix of collagen added to the bovine matrix in a 10%
to 90% ratio (Bio-Oss Collagen®, Geistlich [26]) which
come as a block. Once hydrated, it is malleable and
can be tissue contoured. Porosity of graft material may
increase bioactivity [27], and the faster degradation
of the collagen component here may allow increased
vascularisation of the graft material, and consequently
faster integration and substitution of the graft.

Surgically driven implant placement leading to
an aesthetic compromise.

Poor aesthetic outcome of the final restoration.

A case of peri-implantitis requiring debridement
and bone grafting.

A sectional MRI of the upper incisor area showing
loss of horizontal bone requiring grafting

Guided bone regeneration using a particulate
anorganic bovine graft in the lower incisor area.

Graft covered with a bilayer collagen membrane
prior to suturing.

The procedure
Horizontal bone grafting is a relatively predictable
procedure, and with good surgical technique and
periosteal release allowing a tension free closure
over the graft material, a high degree of success
can be achieved [28]. Vertical bone augmentation is
somewhat more difficult and unpredictable. For cases
in the anterior maxilla, where due to a high lip line it is
essential for an aesthetically pleasing outcome, it may
be necessary to use an autogenous block graft to gain
height, as soft tissues need hard tissues to allow their
stability. Alternatively, assuming tension free closure,
it may be possible with a mix of a bone level implant
using an extended healing cap as a ‘tent peg’ to allow
grafting and maintenance of the soft tissue height.
The posterior mandible is often a more unpredictable
zone to augment vertically, as tissue tension and flap
design issues can be major. The use of titanium mesh
to support suitably relieved grafts may achieve success
here [29]. In many of these atrophic mandible cases,
it may be more predictable to place implants with
lateral nerve repositioning [30], or to use splinted short
implants [31].

Hydrated Bio-Oss Collagen block in-situ prior to
adaptation.
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Membranes used today are normally
resorbable. These are usually collagen
based, and can be of a variety of
structures from cross linked bilayer [32]
to semi-rigid [33], each having slightly
differing handling and degradation
profiles. A typical resorbable membrane
degrades after 2-32 weeks [34]. Collagen
membranes are less likely to lead to
infection of the graft where there has
been wound dehiscence.
Non-resorbable membranes of
synthetic materials such as Gore-Tex®
have been used successfully [35], but are
prone to infection in wound dehiscence
cases, and require two-stage surgery
for removal. Historically, it was thought
necessary to stabilise membranes by
the use of tacks, but with the almost
‘adhesive’ properties of most current
collagen membranes, this practice is
rarely necessary. When tacks are used
to stabilise a membrane, it is often
necessary to have a two-stage surgery.
Resorbable membrane pins have been
used, but some have degradation
products that are acidic in nature, and
can lead to tissue inflammation.
Collagen membranes and animal
product xenografts may be unacceptable
to a number of religious faiths and
cultures. In these cases, autografts, or
xenograft graft materials of chemical
components such as tricalcium
phosphate and hydroxyapatite [36] may
be used. Some fully synthetic resorbable
membranes have been developed [37],
but have been slow in acceptance due
to being technique sensitive in their
application.
In conclusion, although the definition
of success is open to interpretation, the
development of grafting materials and
techniques has significantly increased
the ability of the implant dentist to
produce predictable outcomes, with
good function and improved aesthetics.
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